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Abstract
A value for the free energy of activation, or AGl for the inversion ofgroups on
the imino nitrogen of the title compounds was calculated from data obtained from
variable temperature NMR. The coalescence temperature, Tc, is obtained as the
temperature at which the non-equivalent methyl resonances of the title compounds
collapse to a singlet. AG^is calculated from
AG*=2.3RTc(10.32 + logTc/k) Eq.3
derived from the Eyring Equation.
p-Methoxyphenylimino-2,2,4,4-tetramethyl 3-cyclobutanone (4) is found to
possess an energy of activation equal to that of 18.55 kcal/mole with its temperature of
coalescence at 118C.
p-Nitrophenylimino-2,2,4,4-tetramethyl 3-cyclobutanone (5) is found to have an
energy of activation for inversion to be 14.25 kcal/mole. The coalescence temperature





(16) was found to have a value no greater than 16.42 kcal/mole with a corresponding Tc
value of76C.
Whereas, the N-(3,3-Dichloro-2,2,4,4-tetramethyl-3-cyclobutanone)-
toluenesulfonamide (17) yielded a value of 15.32 kcal/mole for the inversion energy.















Fig. 3 Fig. 4
The data support the hypothesis that lone pair orbital interaction in the transition state
affect the free energy of inversion of groups attached to the imino nitrogen.
Introduction
The synthesis, chemistry and spectral properties of simple imines are well
documented. They are prepared by the reaction ofketones or aldehydes with amines in






Scheme 1: General Reaction for the formation of title imines.
Although, simple non-conjugated systems hydrolyze readily, in the absence of
water, the chemistry and spectral properties are easily determined.
Research on the present title compounds began some thirty years ago in which
Schmidt2
















Figure 5: Syn and anti formation of Schmidt's bis compounds.
NMR variable temperature analysis was able to establish the AG^for interconversion of
the syn and anti isomers of the cyclohexyl bis-imines.
More recently in our laboratories, Arati
Naik3
was able to determine the free
energy of activation , AG5"; for the inversion of groups on nitrogen in the monoimine of
2,2,4,4-tetramethyl- 1 ,3 ,-cyclobutadione.
More specifically, Naik determined the AG^for 3-phenylimino-2,2,4,4-
tetramethyl cyclobutanone (26) to be 17.71 kcal/mol. The reported AG^for the 3-





In 1935, Henry Eyring published a derivation of an equation using statistical
mechanics to calculate a
AG*
value for the free energy of activation for rapid inversion of
conformational substituents in organic systems. Using a technique called Variable
Temperature NMR; Eyring determined away of expressing the energy required to invert
a system at rapid exchange.
The rate constant for rapid inversion is expressed as ki and the expression is





Where kB is the Boltzmann constant, h is Plank's constant, T is the absolute
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Taking the natural logarithms ofEquation 1 yields
In (ki)





AG*- RT {In (kB/h) + In T
- In kt} Eq. 5
or
AG*= RT {In (kB/h) + In T/ki} Eq. 6
Substituting the Boltzmann and Planck constants into the equation and changing
the natural logarithms to base10 logarithms gives
AG*= 2.3RTC (10.32 + log T/ki) Eq. 7
ki can be determined by the equation:
ki=
tt(A5) Eq. 8
Where, ki is the numerical expression for the rate at slow exchange. This can be
determined bymeasuring A8 atmaximum peak separations andmay require temperatures
lower than room temperature.
Acquiring a A8 value, the difference in chemical shift values of equivalent NMR
resonances is also necessary in determining AG*. A5 is found by finding the difference in
5 values of (Hz) methyl resonances as a function of temperature in Hz. Therefore, it is
dependent on the magnetic field of the NMR. In the title compounds, the first and second
methyl peaks are found at a specific distance measured in the value ofHz. The
difference between the two is called the A8 value.
A5 = 5i-52 (in Hz) Eq. 9
The temperature of coalescence, Tc, is determined once the temperature has been
reached whereby the NMR can no longer differentiate multiple methyl absorptions in the
NMR spectrum. Tc, expressed in units ofKelvin, requires no mathematics to produce.
Tc is an observational expression determined by the chemist examining the system.
Coalescence temperature, Tc might also be expressed as the temperature at rapid
inversion.
AG*can be determined with the values ki and Tc from the equation9:
AG*=2.3RTC (10.32 + log Tc/k) Eq.7
Where, R
= 0.001978 kcal/K-mol
The Eyring Equationwas initially used for cyclohexane conformations to find the
free energy of activation in kcal/mole for chair interconversions. Using colder
temperatures to findwhen the cyclohexane chair does not flip between chair
conformations, he was able to isolate two NMR proton peaks that were exhibited due to
equatorial and axial positions ofhydrogen atoms. Later, he used this equation to derive
the free energy equivalent for many cyclic-organic systems where the conformations
invert.
InNaik's research3, she attributed the energy for the inversion of the group on the
nitrogen imine to the lone pair repulsion of electrons on the nitrogen and those that
belong to the oxygen of the ketone. The pi-electrons of the ketone and the imine have a
transannular relationship, whereas the relationship thatNaik describes is that of a
circumannular interaction between the lone pair electrons that lie on the same plane as the
fourmember ring as opposed to the ones perpendicular to it. The energy of inversion
which was calculated was due to the inversion of groups on the nitrogen of the imine. As
seen in scheme 2.
Figure 6: Circumannular interaction between lone pair electrons.
The hypothesis that the pi-electrons of the aromatic ring on the nitrogen atom falls in the
same plane as the lone pair of the heteroatom (page 25 Discussion) is further supported
bymolecular orbital calculations on the minimum energy of conformations of the title
compounds.
The purpose of this work was to synthesize similar compounds to the N-
phenylimino compound 16 prepared byNaik. Altering the para-substituents from R=H to
methoxy or nitro groups, the energy of inversion will be raised and lowered respectively
compared to the 17.71 kcal/mol of the phenyl group if the hypothesis that transition state
lone pair interaction affect the inversion is true. Since the pi electrons of the phenyl ring
are expected to fall in a plane with the nitrogen lone pair electron (Scheme 2) rather than
that of the pi-bonds of the imine system, the methoxy and the nitro groups would mostly
affect the electron density on the lone pair electrons of the nitrogen. In turn, the methoxy
(electron donating) and the nitro (electron withdrawing) groups should increase and
decrease the repulsion between lone pair electrons of the imine and carbonyl
chromophore in the transition state (Figure 7). This in turn should increase and decrease
the AG*with respect to that observed for the phenyl derivatives. Some of the work
reported in the thesis was reported in part elsewhere .
0
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Figure 7: Transition state for title imines.
Scheme 2: Inversion ofphenyl group through nitrogen imine.
Experimental
All NMR spectrawere taken from a 7 Tesla Bruker Spectrospin DRX-300
300MHz NMR at 22C. TheNMR spectrometer uses XwinNMR programs operating
with existing IconNMR programs. Variable temperatureNMR studies were carried out
starting at room temperature and increasing the temperature in 20C intervals. Variable
Temperature studies were done on samples of the p-methoxyphenylimino-2,2,4,4-
tetramethylcyclobutanone 4, p-nitrophenylimino-2,2,4,4-tetramethylcyclobutanone 5, N-
tosylated-p-toluene-2,2,4,4-tetramethylcyclobutanone 16, and N-tosylated-p-toluene-3,3-
dichloro-2,2,4,4- tetramethylcyclobutanone 17 at temperatures ranging from 22-140C.
All NMR samples were dissolved in deuterated dimethylsulfoxide (d6-DMSO).
Chemical shifts were compared to that of tetramethylsilane (TMS) as Oppm. All values
were recorded in units ofppm (5) and calculations were done in units ofHz.
IR were taken from a solid sample mixed with KBr using a Bio-Rad Excalibur FTS-3000
laser spectrometer (Bio-Rad Labs, Cambridge, MA) running Digilab Merlin v3.2
software (Digilab, LLC, Randolph, MA).
Melting points were measured inC using Pyrex capillary tubes on aMel-Temp
laboratory device and are uncorrected.
Elemental Analysis was performed at Atlantic Labs ofLacrosse Georgia.
The diketones and starting amines were purchased from Aldrich Chemicals.
The mentioned Dean-Stark Trap is shown in Figure 7.
Experimental for Tosylated Imines
The title tosylated imines and data for tosylated imines were provided byDr. G. Mloston
andM. Woznicka at the University ofLodz.
Melting points were determined in capillary (Melt-Temp. II apparatus) and are
uncorrected. IR (KBr): Nexus FT-IR spectrophotometer.
*H and 13C -NMR (CDC13): Tesla BS 687 (80 and 20MHz, respectively).
MS: Finnigan-MAT-90 (CIwith NH3).
Elemental Analysis for tosylated imines were carried out by theMicroanalytical
Laboratory of the Centre ofMolecular andMacromolecular Studies (CBMiM-Lodz).












Figure 8. Dean-Stark Trap connected to condenser and round bottom flask.
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Preparation ofp-Nitrophenvlimino-2.2.4.4-tetramethvl cyclobutanone (5)
To 300ml of toluene were added p-nitroaniline 2 (5.22g, 37.2mmol), 2,2,4,4-tetramethyl
1,3-cyclobutadione 3 (6.00g, 42.9mmol) andp-toluene sulfonic acid 18 (0.812g,
4.71mmol). The mixture was brought to reflux using a Dean-Stark Trap to azeotropically
remove the water. After heating for 20 hours, the waterwas drained from the Dean-Stark
Trap and the toluene from the trap was returned to the reaction flask. The reflux was
continued for another five hours to drive the reaction to completion. The solution was
cooled to room temperature and filtered to remove unreacted byproduct. The remaining
toluene was then removed in vacuo. The resulting solid was subject to vacuum
sublimation under aspirator pressure to remove the easily sublimable starting material.
The remaining black liquidwas cooled to room temperature to give a dark solid which
was recrystallized several times from ethanol using Norite to remove most of the color.
After cooling and filtration, a light yellow solid 5 was obtained as a desired product.
!H NMR and CHN elemental analysis was done on the solid to determine its structure
and purity. JH NMR spectrum in DMSO gave 51.09 (s, 6H, Methyl), 5 1.34 (s, 6H,
Methyl), 57.09 (d, 2H, Aromatic) and 5 8.20 Id, 2H, Ar);
Analysis Cal'd for Ci4Hi6N203: C, 64.60; H, 6.20; N, 10.76.
Found: C, 64.72; H, 6.30; N, 10.75.
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Preparation ofp-Methoxyphenvlimino-2,2A4-tetramethyl cyclobutanone (4)
To 300ml of toluene were added p-anisidine 1 (5.22g, 37.8mmol), 2,2,4,4-tetramethyl
1,3-cyclobutadione 3 (6.00g, 42.9mmol) and p-toluene sulfonic acid 18 (0.821g,
4.71mmol). The mixture was brought to reflux using a Dean-Stark Trap to azeotropically
remove water. The starting materials dissolved readily. After heating for 20 hours, the
water was drained from the Dean-Stark Trap and the toluene returned to the reaction
flask. The reflux was continued for another five hours to drive the reaction to
completion. The solution was evaporated under vacuum to a volume of approximately
30ml. The solution was cooled to room temperature and filtered. The filtrate was
evaporated under vacuum to dryness. The resulting solid was placed under a sublimation
apparatus and heated to 60-80C under ~17mmHg to remove any unreacted
cyclobutadione 3. Further sublimation with the remaining solid produced white crystal
shards 4 at 110C and ~17mmHg. Melting point of the solid was determined to be 70-
72C.
The final product was evaluated with *H NMR, IR and CHN elemental analysis. !H
NMR spectrum determined peaks at 5 1.24 (s, 6H, Methyl), 5 1.47 (s, 6H, Methyl), 5 3.97
(s, 3H, MeO), 5 6.95 (d, 2H, Ar) and 5 7.05 (d, 2H, Ar). IR (KBr) analysis determined
absorptions at 2967, 1794, 1696, and 1600cm"1.
Anal. Cal'd for Ci5Hi9N02: C, 73.44; H, 7.81; N, 5.71
Found: C, 73.46; H, 7.88; N, 5.71
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Attempted Preparation ofN-Oxide forMethoxyphenyl Imine 12
Solution A: to 60ml ofCH2C12 add the p-methoxyphenylimino-2,2,4,4-tetramethyl
cyclobutanone 4 (0.2967g, 1.2mmol). Solution was cooled in an ice bath. Solution B: to
a 60ml ofCH2C12 add m-chloroperoxybenzoic acid 13 (0.2485g, 1.4mmol). Solution B
was slowly introduced to solution A over the course of an hour. Temperature was
maintained in the ice bath by the addition of ice. Solution was filtered through gravity
filtration. Magnesium sulfate is then added to the methylene chloride solution as a drying
agent. Solution is filtered again through gravity filtration. The solution underwent
rotoevaporation until all methylene chloride was driven off and a black solid remained.
The compound then underwent sublimation under aspirator at 60C, 95C and 100C to
collect crystals. White crystals were collected and later determined to be the 2,2,4,4-
tetramethylcyclobutadione 4 under NMR spectroscopy.
The N-oxide of the methoxyphenyl imine was never recovered.
Attempted Preparation of the Phenylenediamine-tetramethvlcyclobutadione
Co-Polymer 10
To 40ml ofwarm phenyl ether were added 2,2,4,4-tetramethylcyclobutadione 3 (4.00g,
28.5mmol) and ofp-phenylenediamine 11 (3.09g, 28.5mmol). The solution was charged
to a 100ml round bottom flask set up as a micro-kit makeshift Dean-Stark Trap. The
solution was then heated for 24 hours. The water that was trapped in the Dean-Stark was
collected and was disposed of. Once cooled, the solution remained a liquid at room
temperature. The solution is vacuum filtered and some solvent was detected on the
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crystals. The brown solid was placed under a vacuum oven that reached as high as 120C
and pressures as low as
-35inHg with respect to atmosphere. The compound then melted
but no longer had the phenyl ether odor to it. The melting point was determined to be
125-155C. The compound was suspected to be amono-substituted imine and was kept
from further examination. The reaction was not studied any further.
Attempted Preparation of the Hydrazine-tetramethylcyclobutadione
Co-Polymer 9
To 300ml of toluene were charged 6.00g (4.28mmoles) of2,2,4,4-
tetramethylcyclobutadione 3 and 1.34ml (42.8mmoles) hydrazine 8. 0.81g (4.7mmol) of
p-toluene sulfonic acid 18 was added as a catalyst. The solution was refluxed under a
Dean-Stark Trap to azeotropically remove water. The startingmaterials dissolved
readily. After heating for 20 hours, the water was drained from the Dean-Stark Trap and
the toluene returned to the reaction flask. The reflux was continued for another five
hours to drive the reaction to completion. The solution precipitated awhite solid that was
determined to be a hydrazine/p-toluene sulfonic salt 19 underNMR and IR spectroscopy.
The solution is then filtered and the liquid is rotoevaporated to dryness and analyzed
under NMR and IR spectroscopy. The nature of the resulting white precipitate is




To 1ml of abs. THF were added of l,l,3,3-tetramethylcyclobutan-2-one-4,6-dihydro-
5,7,8-thiadiazoles 20 (0.20g,lmmol) and p-toluosulfonamide 21 (0.342g, 2mmol). The
solution was heated in a 45C oil bath and evolution ofnitrogen gas was monitored by
gas burette connected to the flask. After 3 hours, evolution ofgas is ceased and reaction
was considered finished. The reaction mixture was evaporated of any remaining solvent.
A crude solid was examined under *H NMR and both, imines 16 and thiiranes 22 were
determined to exist in solution. The crude mixture was separated using preparative plates
of silica. Solvents used in separating products bymeans ofprep LC were
dichloromethane with 10% hexane. The imine was isolated as more polar fractions and
purification was achieved by recrystallization.
The final product was evaluated with ]H NMR, 13C NMR, IR and MS-CI elemental
analysis.
lR NMR spectrum determined peaks at 5 1.33 (s, 6H, Methyl), 5 1.61 (s, 6H, Methyl), 5
2.45 (s, 3H, Me), 5 7.35 (d, 2H, Ar) and 5 7.87 (d, 2H, Ar).
13C NMR spectrum determined peaks at 5 20.3(q, 2Me), 5 20.4(q, 2Me), 5 21.5 (q, Me), 5
67.6 (s, Ccyciobutane). 8 69.3 (s, Ccvc,0butane). 5 127.5 (d, 2Cat). 5 129.6 (d, 2Cat). 5 136.4 (s,
ICat), 5 144.3 (s, ICat), 5 195.8 (s, ON), 5 214.7 (s, OO).
IR (KBr) analysis determined absorptions at 1811, 1667, 1318, 1161, 1091, 1048, 841,
812, and 732cm"1.
Anal. Cal'd for Ci5H19N03S: C, 61.41; H, 6.53; N, 4.77; S 10.93
Found: C, 61.21; H, 6.48; N, 4.57; S, 10.81
16
Preparation of l.l-Dichloro-2.2.4.4-tetramethyl-3-(p-toluosulfonimin)cvclobutane (17)
To 1ml of abs. THF were added of2,2-dichloro-l,l,3,3-tetramethylcyclobutane-4,6-
dihydro-5,7,8-thiadiazoles 19 (0.25g,lmmol) and p-toluosulfonamide 21 (.342g, 2mmol).
The solution is heated in a 45C oil bath and evolution ofnitrogen gas was monitored by
gas burette connected to the flask. After 3 hours, evolution of gas is ceased and reaction
was considered finished. The reactionmixture was evaporated of any remaining solvent.
A crude solid was examined under !H NMR and both, imines 17 and thiiranes 23 were
determined to exist in solution. The crudemixture was separated using preparative plates
of silica. Solvents used in separating products bymeans ofprep LC were
dichloromethane with 10% hexane. The imine was isolated as more polar fractions and
purification was achieved by recrystallization.
The final product was evaluated with !H NMR, 13C NMR, IR and MS-CI elemental
analysis.
JH NMR spectrum determined peaks at 5 1.43 (s, 6H, Methyl), 5 1.70 (s, 6H, Methyl), 5
2.41 (s, 3H, Me), 5 7.33 (d, 2H, Ar) and 5 7.85 (d, 2H, Ar).
13C NMR spectrum determined peaks at 5 21.6(q, 2Me), 5 30.9(q, 2Me), 5 24.8 (q, Me), 5
96.5 (s, CC12), 5 127.8 (d, 2Cat). 5 129.9 (d, 2CAr), 5 137.6 (s, lC^), 5 144.5 (s, lC^), 5
197.7 (s, ON) (2s attributed to 2Cq of cyclobutane ring not found at room temperature).
IR (KBr) analysis determined absorptions at 1673, 1324, 1158, 1092, 931, 842, 816, 711,
676, and 615cm"1.
Anal. Cal'd for C15Hi9Cl2N02S: C, 51.73; H, 5.50; N, 4.02; S 9.21
Found: C, 51.59; H, 5.38; N, 3.89; S, 9.29
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Attempted Preparation ofbis-Anthracene-2.2,4.4-tetramethyl cyclobutadiimine
To 300ml of toluene were added 2-amino-anthracene 14 (16.58g, 85.8mmol),
2,2,4,4-
tetramethyl 1,3-cyclobutadione 3 (6.00g, 42.9mmol) and p-toluene sulfonic acid (0.821g,
4.71mmol). The mixture was brought to reflux using a Dean Stark Trap to azeotropically
remove water. The starting materials dissolved readily. A green precipitate was vacuum
filtered from the solution. The solid was left to dry for one week under atmospheric
conditions. The solid was recrystallized and the bis-imine was never purified. Recently,
Russell Rohring was able to purify and verify the structure. The excess diketone was
removed by vacuum sublimation at room temperature. The resulting green-brown
substance was recrystallized from acetonitrile to give a dark green solid melting above




The synthesis ofp-methoxyphenylimino-2,2,4,4-tetramethylcyclobutanone occurs












Scheme 3: Reaction to form p-methoxyphenylimino-2,2,4,4-tetramethylcyclobutanone.













Scheme 4: Reaction to form p-nitrophenylimino-2,2,4,4-tetramethylcyclobutanone.
The acid catalyst used in the reactions was p-toluene sulfonic acid 18 and used to











Scheme 5: Reactionmechanism of imine formation.
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Isolation of the title compounds proved exceedingly difficult due to the various
byproducts that form in conjunction with the title imines. Besides the formation of the












Figure 9: nitro and methoxy by-products of the title imines.
The ionic bond formed between the p-toluene sulfonic acid and the amines, forms
a white crystal that precipitates from solution as the amine salt (Figure 10).
22
Figure 10: p-Toluene sulfonic amine salt.
The compounds were purified by evaporating the solvent in vacuo with periodic
cooling to remove both the bis-imines and ring opened products. The remaining solid
was sublimed at room temperature and aspirator pressure to remove excess starting
diketone. The resulting solid was sublimed at reduced pressure until the desired product
could be isolated. In certain instances the sublimed product needed to be sublimed
several times to produce a product which was sufficiently pure for elemental analysis.
Because we were interested in pure samples forNMR and not quantity a mass balance





Preparation of the N-oxide on title imines and examination of their variable
temperature NMRwould eliminate lone pair inversion by forming a a-bond with the lone
pair electrons. The temperature of coalescence of the methyls inNMR spectroscopy on
the N-oxide could no longer be the result of lone pair inversion through nitrogen but
instead can only be from breaking the 7T-bond allowing for free rotation around the carbon
nitrogen a-bond. If the rotational component that is isolatedwithN-oxide is much less
than that of the AG*given by the title methoxy imine, then the original hypothesis of lone
pair interaction in the transition state would be wrong. The title imine would not have
experienced inversion of the groups on nitrogen through a linear transition state but was
also experiencing a rotation as part of the inversion process. Attempts to prepare the
N-
oxide were unsuccessful. See Addendum











Scheme 6: Reaction for the preparation ofN-oxide.
The N-oxide of the N-cyclohexylimino compound has been prepared and the NMR
examined8. Failure to prepare the N-oxide of the N-phenyl or the N-p-methoxyphenyl
may be due to the non availability of the nitrogen lone pair found on the aromatic system




-0.4269 hartrees -0.4006 hartrees
Figure 1 1 : Minimum energy for MO calculations.
Molecular Orbital Calculations were provided byDr. Robert Ditchfield of
Dartmouth College, Hanover, New Hampshire. The geometry, harmonic vibrational
frequencies, equilibrium structure and molecular orbital energies were calculated using
Gaussian 98 software. TheMO plot shown above (Figure 1 1) was generated using the
graphics module of the Spartan Software V.5.0 and were calculated for gas phase.
Molecular Orbital Calculation of the N-phenyl imino compound indicates that in
the minimum energy conformation the phenyl ring prefers to be conjugatedmostlywith
the nitrogen lone pair rather than the it bond associated with the imine chromophore
(Figure 1 1). These results agree with our contention that substituents on the aromatic
ring influence the free energy of activation for inversion of groups on the imine
chromophore through the electron repulsion in the transition state.
In addition, the molecular orbital calculations of the transition state shows the
aromatic group attached to nitrogen is perpendicular to the tt bonds of the imine and
carbonyl chromophore (Figure 1 1). These MO pictures are consistent with the
26
hypothesis that electron donating groups on the phenyl ring will increase the lone pair
repulsion in the transition state (Figure 7), raise the energy for inversion thereby
increasing the AG*value. On the other hand, electron withdrawing groups will give
lower values for AG*. The free energy of activation values obtained experimentally and
from MO calculations are remarkably close (Table 1), supporting the non-bonding orbital
interaction theory.
Since the calculated and experimental free energy of activation's are so similar in
trends, supports the hypothesis that the inversion ofgroups on nitrogen in the title
compounds is affected by the repulsive force of the lone pairs across the four-membered
ring. The lone pair density is affected by substituents, therefore can be attributed to the
increased and decreased AG*for the p-methoxy and nitro title imines, respectfully.
Table 1 : Results on title phenyl imines.










Samples of a similar compoundwere isolated by a chemist from Poland. Dr.
GrzegorzMloston supplied two samples ofhis compounds which he thought would be an
interesting study under variable temperature NMR. Similar to the title imines, the
compounds that he supplied were l,l-dichloro-2,2,4,4-tetramethyl-3-(p-
toluosulfonimin)cyclobutane 17 and 2,2,4,4-tetramethyl-3-(p-
toluosulfonimin)cyclobutanone 16.
Although the AG*of activation energy for these two compounds can not be
compared directlywith the p-methoxy and p-nitro titles imines (4 & 5), the two
tosyl-
derivatives can be compared to one another. The AS of the title phenyl imines although
similar to one another because of structural similarities, cannot be compared to the
tosylated imines whose AS would be significantly different. The tosylated imines can be
compared to each other because of the similarities in their entropic terms.
&=^ht=^
Figure 12: Conjugated system of2,2,4,4-tetramethyl-3-(p-toluosulfonimin)cyclobutan-3-
one 16.
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Figure 13: Conjugated system of 1, l-dichloro-2,2,4,4-tetramethyl-3-(p-
toluosulfonimin)cyclobutane 17.
The 3-dimensional drawing of2,2,4,4-tetramethyl-3-(p-
toluosulfonimin)cyclobutan-3-one 16 (Figure 12)shows a set of lone pair electrons along
the carbonyl oxygen that falls in the same plane as nitrogen lone pair. A similar drawing
of l,l-dichloro-2,2,4,4-tetramethyl-3-(p-toluosulfonimin)cyclobutane 17 (Figure 13)
shows the lone pair electrons on the nitrogen imine without a lone pair across the
cyclobutane ring which minimizes a repulsive force in the transition state.
The N-phenyl derivatives (4 and 5) alter the electron density and repulsive force
of the lone pair on the nitrogen as do the N-tosyl imines. The carbonyl functional group
in (16) has a lone pair in plane with nitrogen lone pair and there is a repulsive force
exerted in the transition state for inversion that is similar to that of the N-phenyl
derivatives. The dichloro compound (17) has no lone pair along the plane with the
nitrogen lone pair and therefore exhibit less repulsion in the transition state. The dichloro
compound 17 should exhibit lower AG*of inversion (Table 2) when compared to
compound 16 and it does.
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An additional example to support the affect of the lone pair on the AG*for
inversion can be seen when comparing theWittig product of the N-cyclohexyl imino
derivative 24 with the N-cyclohexyl imino cyclobutanone 25. TheWittig product
exhibits a lower AG*for inversion due to the absence of lone pair interaction (Table 3).
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p-Methoxyphenylimino-2,2,4,4-tetramethylcyclobutanone 4 and p-
nitrophenylimino-2,2,4,4-tetramethylcyclobutanone 5 were synthesized for the first time.
Samples of2,2,4,4-Tetramethyl-3-(p-toluosulfonimin)cyclobutanone 16 and 1,1-
dichloro-2,2,4,4-tetramethyl-3-(p-toluosulfonimin)cyclobutane 17 were provided by
outside labs.
The AG*of inversion for the p-methoxyphenyl imine 4 was determined to be
18.55 kcal/mole and that for p-nitrophenyl imine 5 was determined to be 14.25 kcal/mole.
The keto-tosyl imine 16 was found to have a AG*value of 16.42 kcal/mole,
higher than that of the dichloro-tosyl imine 17, which turned out to be 15.32 kcal/mole.
A change in structure of cyclic imines of the title compounds can alter the AG*for
inversion ofgroups on nitrogen which depends on the extent of lone pair circumannular
interactions in the transition state .
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Addendum
Attempts were made to prepare polymers of2,2,4,4-tetramethyl cyclobutadione.
If successful, imine polymers might prove to exhibit conductive or semi-conductive
properties. Several variations of the 2,2,4,4-tetramethylcyclobutadione co-polymers were
attempted and examined.
Attempted Preparation ofHydrazine Co-Polymer
Preparation of2,2,4,4-tetramethylcyclobutadione-hydrazine copolymer 9 was
attempted to find a short, non-aromatic, conducting chain. Synthesis of such polymers
would result from a variation of step growth polymerization. The compound was never
fully characterized but was white in color and showed bothOO andON absorptions in
the infrared. Further characteristics will be part of future work.
33







Scheme 7: Co-polymerization of2,2,4,4-tetramethylcyclobutadione and hydrazine.
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Attempted Preparation ofPhenylene-diamine Co-Polymer
Phenylene diamine 11 was also attempted as a co-monomer from a reaction
attemptwith 2,2,4,4-tetramethyl cyclobutadione 3. The polymerization attempt proved
unsuccessful due to insolubility ofphenylene diamine.
NH2




phenylene diamine 1 1 2,2,4,4-tetramethylcyclobutadione 3
2 + 2nH20
2,2,4,4-tetramethylcyclobutadione-
phenylene diamine co-polymer 10




Attempts atmaking a bis-iminoanthracene derivative of the
2,2,4,4-
tetramethylcyclobutadione 15 were made. This compound should have fluorescence in
the visible region and may have semi-conductive properties. The bis-imine 15 was











Scheme 9: Reaction in formation of the bis-iminoanthracene.
Recent works by Rohring and Chong have indicated that the bis-anthracene was
prepared and fluoresces in the visible region, spectral properties and C, H, &N elemental
analysis are consistent with the mixture of the syn and anti isomers. This work is being









Spectrum 2. *H NMR spectrum ofp-methoxyphenylimino-2,2,4,4-
tetramethylcyclobutanone 4 at room temperature (22C) B 1
Spectrum 3. *HNMR spectrum ofp-methoxyphenylimino-2,2,4,4-
tetramethylcyclobutanone 4 at 1 10C B2
Spectrum 4. !H NMR spectrum ofp-methoxyphenylimino-2,2,4,4-
tetramethylcyclobutanone 4atll8C B3
Spectrum 5. *HNMR spectrum ofp-nitrophenylimino-2,2,4,4-
tetramethylcyclobutanone 5 at room temperature (22C) B4
Spectrum 6. !HNMR spectrum ofp-nitrophenylimino-2,2,4,4-
Tetramethylcyclobutanone 5 at 30C B5
Spectrum 7. !H NMR spectrum ofp-nitrophenylimino-2,2,4,4-
tetramethylcyclobutanone 5 at 35C B6
Spectrum 8. !HNMR spectrum of2,2,4,4-tetramethyl-3-
(p-toluosulfonimin)cyclobutanone 16 at room temperature B7
Spectrum 9. lH NMR spectrum of2,2,4,4-tetramethyl-3-
(p-toluosulfonimin)cyclobutanone 16 at 70C B8
Spectrum 10. *H NMR spectrum of2,2,4,4-tetramethyl-3-
(p-toluosulfonimin)cyclobutanone 16 at 77C B9
Spectrum 1 1 .
!
H NMR spectrum of 1 , 1 -dichloro-2,2,4,4-tetramethyl
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-3-(p-toluosulfonimin)cyclobutane 17 at room temperature (22C) BIO
Spectrum 12.^NMR spectrum of 1
,
1 -dichloro-2,2,4,4-tetramethyl
-3-(p-toluosulfonimin)cyclobutane 17 at 50C B 1 1
Spectrum 1 3 . *H NMR spectrum of 1
,
1 -dichloro-2,2,4,4-tetramethyl
-3-(p-toluosulfonimin)cyclobutane 17 at 56C B12
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Spectrum 1: IR spectroscopy ofp-methoxyphenylimino-2.2.4.4-
tetramethylcyclobutanone(4)
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Spectrum 3: H NMR of p-methoxyphenylimino-2.2.4,4-tetramethvlcyclobutanone at
110C.
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NMR ofp-nitrophenvlimino-2.2.4.4-tetramethylcvclobutanone at 30C.
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NMR of2.2.4,4-tetramethyl-3-(p-toluosulfonimin)cyclobutanone at RT
im
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NMR of 2.2A4-tetramethvl-3-fp-toluosulfonimin)cvclobutanone at 70C
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Spectrum 13:
H1
NMR of
l.l-dichloro-2.2.4.4-tetramethyl-3-(p-
toluosulfonimin)cyclobutane at 55C
